This paper proposes a new method for calculation of traces of Dirac γ-matrices. It is is based on properties of orthonormal bases in the Minkowski space and isotropic tetrads constructed from vectors of these bases.
Introduction
It is well known which problems arise when traces of a large number of Dirac γ-matrices need to be calculated. For ten matrices and more the expressions for the traces become extremely cumbersome.
For example, the classical algorithm based on the application of the algebra of γ-matrices γ µ γ ν + γ ν γ µ = 2g µν results for the trace of ten γ-matrices in an expression consisting of 945 terms.
In four-dimensional space-time somewhat shorter results provides a method using Chisholm identities [1] and the Kahane algorithm [2] which is based on the reduction formula
This method, implemented first in SCHOONSCHIP [3] and later in FORM [4] , results for the trace of ten γ-matrices in the following expression consisting of 693 terms:
Tr 4 (â 1â2â3â4â5â6â7â8â9â10 ) = Tr(â 1â2â3â4â5â6â7â8â9â10 ) + G a 1 a 2 a 3 a 6 a 7 a 4 a 5 a 8 a 9 a 10 − −G a 1 a 2 a 3 a 8 a 9 a 4 a 5 a 6 a 7 a 10 + G a 1 a 2 a 3 a 8 a 10 a 4 a 5 a 6 a 7 a 9 − G a 1 a 2 a 3 a 9 a 10 a 4 a 5 a 6 a 7 a 8 .
The proposed new method results in more compact expressions than the classical methods (for example, consisting of 32 terms for the trace of ten γ-matrices). In particular, it may be easily implemented as a simple yet efficient computer algorithm.
This method is based on properties of orthonormal bases in the Minkowski space and isotropic tetrads constructed from vectors of these bases [5] .
In this paper we use Feynman metrics:
the sign of the Levi-Civita tensor is determined as ε 0123 = +1;
Together with the regular Gram determinants we use generalized ones. For example:
which gives us additional relations for basic vectors, for example:
Using (7) we get the expressions below which we need in the following:
Let us introduce the isotropic tetrad:
(q + e + ) = (q + e − ) = (q − e + ) = (q − e − ) = 0 .
Then (2) takes the form:
from which, in particular, follows the expressions below:
From (8) we have:
In a similar mannerq
From (14) - (17) it follows that:
(
In fact, for the first expression from (19) we have, for example:
where the second term on the right-hand side equals zero due to (18). Furthermore, it is clear from the definition of the isotropic tetrad (9) that
Consequently, we obtain the following important result: Any three operators of typê q λ orê σ taken in succession in presence of (1 ± γ 5 ) either reduce to one of them or equal zero. Now, using (13), (18) - (21) we have:
In the same way
After defining functions
we finally get
Making similar calculations we obtain
In a similar manner, after defining functions
we obtain
Note that the functions defined in (24) -(27), (32) -(35) are not independent:
Furthemore, the following relations hold:
A New Method for Calculation of Traces
We now use formulae (24) -(39) obtained in the previous section for the calculation of traces of Dirac γ-matrices. For example:
and so forth. Let us calculate as an example
We take decomposition (13) written in form
Using (43), (44) we get
that is, an expression consisting of four terms.
Making similar calculations for the remaining three items in decomposition (45) and reducing the similar terms we obtain
that is, an expression consisting of eight terms. An expression for
may be obtained from (47) by replacing all functions with the complex-conjugate ones.
In numerical calculations, after fixing a reference system and choosing an orthonormal basis, for example, of the form
we get
that is, a number of expressions well-suited for implementation of a simple yet efficient computer algorithm.
Having calculated
may be obtained from the previous one by replacing
In fact
and in a similar way for the remaining three functions.
Thus, for eight γ-matrices we get
and so forth. 
or one may sum over index ρ using the classical methods, for example:
Tr(γ ρâ1â2 · · ·â 2n+1 ) Tr(γ 
Finally we would like to note that for traces of four, six and eight Dirac γ-matrices we directly compared the expressions for the traces obtained both by the new and the classical method:
-expressions for new method were expanded by means of formulae (50) for functions F ;
-expressions for traces obtained by the classical method, after substituting into them scalar products and contractions of the Levi-Civita tensors with 4-vectors, written in vectors components.
